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THERMAL INTEGRATION OF PRESSURIZED FUEL CELL SYSTEMS WITH EXPANDER 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] Not applicable. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 
[0002] Not applicable. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0003] The invention relates to thermal management of pressurized fuel cell systems with 
compressor/expander systems. 

Description of Related Art 

[0004] The general arrangement of a pressurized fuel cell system is disclosed in U.S. Patent No. 
6,521,366 to Lamm et al. The fuel cell system has an anode chamber and a cathode chamber 
separated from one another by a proton-conducting membrane, also known as a proton exchange 
membrane (PEM). A cathode supply line supplies gas containing oxygen to the cathode 
chamber, and an anode supply line supplies a liquid coolant/fuel mixture to the anode chamber. 
The anode chamber is located in an anode circuit that includes a gas separator and a pump, and 
with a cooler and a water separator being located in the separated gas flow from the gas separator 
in the flow direction. 

[0005] In a further arrangement of a fuel cell power system disclosed in U.S. Patent No. 
6,551,732 to Xu, the fuel cell processes air through the cathode to yield a cathode effluent 
stream. The fuel cell power system further includes a fuel processor for converting an inlet fuel 
stream of hydrogen- and carbon-containing fuels, utilizing a stream of oxygen-containing gas 
and water vapor, to a processed fuel stream of hydrogen molecules for feeding into the fuel cell 
anode. The system then feeds a substantial portion of the cathode effluent stream to the fuel 
processor as the oxygen-containing gas and water vapor for converting the fuel stream into 
hydrogen. A portion of the cathode effluent stream is also available for burning with a 
substantially hydrogen depleted gas exiting the anode in a combustor, the exhaust of the 
combustor being then passed through an expander for powering an input air compressor. 
[0006] The fuel cell integral to these systems generates a substantial amount of "waste" heat, as 
do other components such as the combustor. Removal of this waste heat is generally 
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accomplished by a cooling system, or the heat energy is simply expelled to the environment. It 
would be advantageous to increase the efficiency of the fuel cell system by reducing the "waste" 
and converting more of the heat generated by the fuel cell and other system components into 
useful work, thereby increasing the efficiency of the system. 

BRIEF SUMMARY OF THE INVENTION 
[0007] A fuel cell system comprises a fuel cell having a housing enclosing an anode chamber, a 
proton exchange membrane and a cathode chamber. The cathode chamber is separated from the 
anode chamber by the proton exchange membrane. The housing is adapted to transfer waste heat 
from the fuel cell. A cathode supply line is coupled to a supply of compressed oxygen- 
containing gas and to the cathode chamber. An anode supply line is coupled to a liquid fuel 
mixture supply and to the anode chamber. 

[0008] The fuel cell system also includes a cathode exhaust gas line, a heat exchanger coupled to 
the fuel cell for receiving waste heat of the fuel cell, and an expansion turbine. The cathode 
exhaust gas line fluidly connects the cathode chamber and the expansion turbine. The heat 
exchanger is thermally coupled to the cathode exhaust gas line between the cathode chamber and 
the expansion turbine, so that the heat exchanger can transfer energy from the waste heat of the 
fuel cell to cathode exhaust gas flowing through the cathode exhaust gas line. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0009] The present invention will become more fully understood from the detailed description 
and the accompanying drawings, wherein: 

[0010] Figure 1 is a schematic of a representative prior art pressurized fuel cell system with 
expander. 

[0011] Figure 2 is a schematic of the thermal integration of a pressurized fuel cell system with 
expander according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0012] Referring to Figure 1, a prior art fuel cell system is shown substantially as disclosed in 
U.S. Patent No. 6,521,366 to Lamm et al., which is incorporated herein in its entirety. The fuel 
cell system includes a fuel cell 10 having an anode chamber 12 and a cathode chamber 14 
separated from one another by a proton -conducting membrane 16. A liquid coolant/fuel mixture 
is supplied to anode chamber 12 through an anode supply line 18. Any substance with the 
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general structural formula H- [ CH 2 0] n -Y with l<n<5 and Y=H or Y=CH 3 that is liquid at 
room temperature and electrically oxidizable can be used as fuel. Methanol, an example of such 
a substance, will be cited in further describing the fuel cell system. 

[0013] A gas containing oxygen is fed into cathode chamber 14 through cathode supply line 20. 
Ambient air is commonly used for this purpose due to its ready availability. In fuel cell 10, the 
fuel is oxidized at the anode and the oxygen is reduced at the cathode. For this purpose, the 
proton-conducting membrane 16 is coated on the appropriate surfaces with a suitable catalyst. 
Protons can thus migrate from the anode side through proton-conducting membrane 16 and bond 
with the oxygen ions on the cathode side to form water. In this electrochemical reaction, a 
potential develops between the two electrodes. By connecting many such cells in parallel or in 
series to form a so-called stack, potentials and currents can be produced that are sufficient to 
drive a vehicle. 

[0014] Carbon dioxide gas enriched with water and methanol is produced at the anode outlet. 
This mixture of liquid and gas is removed through an anode drain line 22 from anode chamber 
12. The further handling of the anode exhaust is discussed in detail by Lamm et al. 
[0015] Cathode exhaust air containing the remaining oxygen and water vapor is removed 
through a cathode exhaust gas drain line 24. To obtain good efficiency, the ambient air in 
cathode chamber 14 is prepared under pressure. For this purpose, a compressor 28 driven by an 
electric motor 26 is located in cathode supply line 20; the compressor draws in the desired air 
and compresses it to the required pressure. During operation with ambient air, an air filter (not 
shown) is provided upstream of compressor 28, preferably in the inlet area of cathode supply line 
20. Some of the energy required to compress the ambient air can be recovered by an expander 32 
located in cathode drain line 24. Preferably, compressor 28, expander 32, and electric motor 26 
are mounted on a common shaft. The fuel cell power can be controlled by controlling or 
regulating the compressor rpm and hence the available airflow. 

[0016] The oxygen-rich cathode exhaust air is first mixed with a portion of dry carbon dioxide 
containing a small amount of residual methanol supplied from anode exhaust, and reacted in an 
exhaust catalytic converter 62 located in cathode exhaust line 24, to form carbon dioxide and 
water vapor. The cathode exhaust air is then cooled down to a specific temperature by heat 
exchanger 68. In order to separate at least a portion of the water vapor as water from the cathode 
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exhaust air, a water separator 64 is located in cathode exhaust line 24 upstream of expander 32. 
Expander 32 acts as a compact condensation turbine. 

[0017] With reference now to Figure 2, the cathode exhaust line 24 passes through an additional 
heat exchanger 100. Waste heat 110 of the fuel cell 10 is collected and passed to heat exchanger 
100. Additional waste heat 120 from other system components and sources found in fuel cell 
power systems, such as combustors, compressed gas, or fuel processors or reformers, can also be 
combined with the waste heat 110 from the fuel cell 10. 

[0018] The waste heat 1 10, 120 can be transferred by any one of a plethora of heat transfer 
methods. This can include direct conduction, such as incorporating the cathode exhaust line 24 
into an outer housing of the fuel cell 10 or other component, natural convection of heated air or 
other fluids from the heat source to a radiator-type structure incorporating the cathode exhaust 
gas line 24, or a system incorporating pumping of a heat transfer medium to a heat exchanger 
thermally coupled to the cathode exhaust gas line 24. 

[0019] As cathode exhaust gas passes through the heat exchanger 100 within cathode exhaust 
line 24, heat energy 130 of the waste heat 110, 120 is transferred to the cathode exhaust gas by 
the heat exchanger 100. The energy contained in the cathode exhaust gas is thereby increased. 
[0020] The waste heat 110, 120 is further conducted to the expander 32, so that additional heat 
energy 140 is transferred to the cathode exhaust gas as it expands within the expander 32, further 
increasing its stored energy. The expanding exhaust gas will thus be able to perform more work 
due to its overall higher energy, increasing the overall efficiency of the system. 
[0021] The transfer of this heat energy to the exhaust gas also has the added benefit of cooling 
the fuel cell system as more excess heat energy is removed from the system as the exhaust gas is 
expelled through the expander. The capacity of a cooling system for the fuel cell power system 
can thus be reduced because of the smaller thermal load that it must handle. 
[0022] The invention is applicable to the cathode side of fuel cell systems utilizing fuel 
compositions or forms in the anode chamber other than those disclosed. While the invention has 
been described in the specification and illustrated in the drawings with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes may be made 
and equivalents may be substituted for elements thereof without departing from the scope of the 
invention as defined in the claims. 
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[0023] In addition, many modifications may be made to adapt a particular situation or material to 
the teachings of the invention without departing from the essential scope thereof. Therefore, it is 
intended that the invention not be limited to the particular embodiment illustrated by the 
drawings and described in the specification as the best mode presently contemplated for carrying 
out this invention, but that the invention will include any embodiments falling within the scope 
of the appended claims. 
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